Abstract-The near-field electromagnetic ranging (NFER) technology exploits the near-field phase behavior of low frequency signals to measure the distance and can provide better ranging performance than the high frequency signal based methods in the cluttered environments. However, the currently existing NFER system uses the mono-frequency signals and can not obtain same ranging accuracy at different distances. In addition, low signal-to-noise ratio (SNR) seriously impacts the ranging accuracy. In this paper, we proposed a wideband signal based NFER system to improve the ranging performance. Instead of the mono-frequency signals, the proposed wideband system transmits the wideband signals. We use frequency domain phase measurement (FDPM) to detect the phase difference between received electric field signal and magnetic field signal. Then the least squares method is used to estimate the distance. Simulation results show that the proposed wideband NFER system can improve the ranging performance at low SNR environment and within a wide range of distances.
INTRODUCTION
In the cluttered environments, such as warehouses, factories, underground mine, and so on, the high frequency signals are blocked by objects, causing big ranging error in the high frequency signal based ranging methods [1] . Therefore, the time of arrival (TOA), time difference of arrival (TDOA) and angle of arrival (AOA) methods based on high frequency signal can not get high positioning accuracy in Non-line-ofsight (NLOS) environments. The non-geometric approaches such as fingerprinting tracking algorithms exploit the received signal strength (RSS) based on a training database and are not suitable for the unknown environments [2] . Exploiting the near-field phase behavior of low frequency signals, typically within the AM broadcast band (530-1710kHz), the near-field electromagnetic ranging (NFER) technology can provide better ranging performance in the cluttered environments [3] . The low frequency signals have less path loss after penetrating structures and are less prone to multipath environment.
The currently existing NFER system, designed by Hans Schantz, transmits the mono-frequency signals and detects the phase difference between the received electric field and received magnetic field [4] . The NFER system does not require precise time synchronization between transmitters and receivers while the ranging accuracy just depends on the precise phase measurements between electric field channel and magnetic field channel. Based on the monotone lowfrequency signals (typically around 1MHz), the NFER system is limited to short ranging distance (30-65m) and can not obtain same ranging accuracy at different distances. In the near field, the signal strength suffers greater attenuation compared to the far field and the noise intensity is higher in the low frequency band [5] . Therefore, the low signal-to-noise ratio (SNR) seriously impacts the ranging accuracy of NFER system when the ranging distance is longer than 25m [6] . In order to improve the ranging accuracy, multiple frequencies approach is proposed in [7] . But the transmitted signal is in the form of a stepped frequencies signal, which increases the complexity of NFER system and increases the processing time, not suitable for real-time location system. In this paper, we proposed a wideband signal based NFER system to improve the ranging performance. Instead of the mono-frequency signals, the proposed wideband system transmits the wideband signals, such as the second-order derivative of the Gaussian pulse signal, multisines, and so on. After sampling, the received electric field signal and magnetic field signal are processed by frequency domain phase measurement (FDPM) to get the phase differences at multiple frequencies. Then the least squares method is used to estimate the distance. Simulation results show that the proposed wideband NFER system can greatly improve the ranging performance.
The remainder of this paper is organized as follows. Section II describes the proposed wideband NFER system. Section III evaluates the performance of the proposed system. We present conclusions in Section IV.
II. WIDEBAND NEAR-FIELD ELECTROMAGNETIC RANGING

A. Near-Field Electromagnetic Ranging
Consider a Hertzian electric dipole with length l and current I, the phase relationships of the electric and magnetic field are The relationship between distance r and phase difference
where,  is the wavelength of the electromagnetic signal. Figure I shows how the phase difference varies according to the distance. As shown in Figure I , the ranging performance is different at different distance when the phase difference detection accuracy is the same. The good ranging accuracy can only be achieved at the distance   0.08 , 0.25 r   [7] . Therefore, using single frequency would limit the ranging accuracy. Multiple frequencies approach can improve the ranging accuracy, but also increases the complexity of NFER system. In this paper, we propose a wide-band NFER system, exploiting the wideband pulse as the transmitted signal to improve the ranging accuracy. Figure II shows the detail of the proposed wideband NFER system. The proposed system includes two part: a transmitter and a receiver. The wideband signal, such as a pulse, is generated by the signal generator and transmitted by antenna, which can be magnetic antenna or electric antenna. Then, the transmitted signal is received by magnetic field antenna and electric field antenna simultaneously. After analog-to-digital conversion (ADC), the sampling signal is processed by the digital part. To obtain the phase at a specific frequency, we use the FDPM to get the phase behavior of the transmitted signal in a few specific frequencies. Then, we get the phase differences between the electric and magnetic field
B. Wideband NFER System
n f is the frequency contained within the signal bandwidth. With the signal frequencies and phase differences, we can estimate the distance according to (4) . Next, we will describe the proposed wideband NFER system in detail. 
1) Signal Generation:
In order to improve the ranging accuracy, the wideband signal should contain multiplefrequency signals [7] . Now, the signal frequency is limited to the amplitude modulation (AM) broadcasting band (510-1705 kHz). To get more accuracy ranging performance, we extend the signal frequency to (0.5-10) MHz and limit the transmit power to 100 mW. There are many ways to generate the wideband signal. In this paper, we use the second-order derivative of the Gaussian pulse and multisines as the wideband signal respectively, to study the effect of signal shape on ranging performance. The second-order derivative of the Gaussian pulse signal 
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2) Frequency Domain Phase Measurement: For a wideband signal, it is difficult to measure the phase for multiple frequencies in the time domain. Frequency domain measurement has been widely used for ultrawideband (UWB) signal processing in TOA estimation [10] , doppler radar [11] , synthetic aperture radar (SAR) [12] and channel modeling [13] . To measure the phase of sampled electric and magnetic signal, we can use the discrete Fourier transform (DFT) [ 
By processing the electric signal and magnetic signal at frequency domain simultaneously, we can get the phase differences between the electric and magnetic field
3) Distance Estimation: According to (4), the relationship between distance r and phase difference   at signal frequency f is 
III. SIMULATION RESULTS
To evaluate the ranging performance of proposed wideband NFER method, we build the simulation system with Matlab, as shown in Figure III . The signal generator can generate two kinds of signal with frequency from 1 MHZ to 10 MHZ: the second-order derivative of the Gaussian pulse and multisines. The near field model is the relationship between distance r and phase difference   in (4) and the transmitted signals are mixed with Gaussian noise. After sampled with 1 GHz sampling rate, the transmitted signals are processed with 100-point fast Fourier transform (FFT). Then we calculate the phase difference between electric filed signal and magnetic signal at (1, 2, …, 10) MHz and use the least squares method to estimate the distance. Next, we will describe the simulation results in detail. Figure IV shows the received signal after sampling when the distance r is 15m and SNR is 20dB. The shapes of the electric field signal and the magnetic field signal are different, because the phase differences at different frequencies are not the same. Both the second-order derivative of the Gaussian pulse and multisines can be seen as limited-width pulses in time domain, but the multisines have much heavier tails.
A. Wideband Signal
B. Ranging Performance
In order to improve the ranging performance, we collect 10 cycles of data and calculate the phase differences between electric filed signal and magnetic signal at (1, 2, …, 10) MHz. Figure V shows the phase difference calculation results when the distance r is 15m and the SNR is 10dB. For the secondorder derivative of the Gaussian pulse, most of the signal power is in the center frequency band. Therefore, the center frequency band signal is less affected by the noise. As shown in Figure 5a , the phase difference calculation results at (3, 4, 5, 6) MHz have less variance than those at other frequencies. For the multisines, the signal power at all frequencies is almost the same. Therefore, the variances of the phase difference calculation results at all frequencies are less affected by the noise. According to (12) , the relationship between phase differences and frequencies at fixed distance is a curve. We show the estimated distance and real distance (15m) in Figure V . With two kinds of wideband signal, we both can get the estimated distance with little error. The distance estimation mean error with the second-order derivative of the Gaussian pulse is 0.29m and that with the multisines is 0.22m. To show the ranging performance improvement, we compare the ranging performance of proposed wideband method with that of the adaptive time delay estimation (ATDE) algorithm proposed in [16] . Figure VI(a) shows the ranging performance of three methods at different SNR when the distance is 15m. The proposed wideband NFER system can greatly improve the ranging performance at low SNR environment and the mean ranging error of proposed wideband NFER system is smaller than 0.1m when SNR is higher than 20dB. Figure VI(b) shows the ranging performance of three methods at different distances when SNR is 20dB. The signal frequency used in ATDE method is 5MHz. Therefore, the ATDE method can only achieve good ranging performance from 5m to 20m. But the proposed wideband method can achieve good ranging performance in the whole range. In Figure VII ., we compare the ranging performance of three methods at two dimension (SNR and distance). The proposed wideband NFER method can achieve better ranging performance than the narrowband ATDE method. Therefore, the proposed wideband NFER method can improve the ranging performance. 
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IV. CONCLUSION
In this paper, we proposed a wideband signal based NFER system to improve the ranging performance. We used the frequency domain phase measurement to get the phase difference between electric field signal and magnetic field signal. Exploiting the phase differences at multiple frequencies, we use least squares method to estimate the distance. The simulation results show that the proposed wideband NFER system can reduce the ranging error at low SNR environment and within a wide range of distances. Therefore, the proposed wideband NFER system can improve the ranging performance. 
